while the lidar data has been obtained directly from the principal investigator responsible for its data collection. Radiosondes launched from the experimental site provide temperature and moisture profiles. Approximately six radiosondes were launched per day at 2-3 hour intervals between 0900-1800 CDST. The vertical resolution of the soundings is 15-20 m. Radiosondes provide measurements of the vertical profiles of wet and dry bulb temperature from which actual water vapor pressure can be calculated according to the psychrometric equation [Kalogiros and Helmis, 1993] . Details of the radiosonde flights are described in more detail by Sugita and Brutsaert [ 1990] .
Collocated pyrgeometer and pyranometer collected measurements of the downwelling radiation from a height of 1.75 m above the surface. The pyrgeometer blocked out solar wavelengths below approximately 3 !xm and the pyranometer blocked out infrared wavelengths above approximately 3 gm. The two data sets provide downwelling radiation measurements averaged over one-half-hour intervals throughout the duration of the campaign.
Cloud base altitudes and cloud coverages were obtained from measurements taken by a Volume Imaging Lidar (VIL). The VIL scans a volume of approximately 100 km 3 with a spatial resolution of 15-100 m and a temporal resolution of 3 min/scan. Cloud base height is determined for the entire VIL scanning area volume. Cloud coverage is calculated for a sector 5 km in length and is determined from the number of profiles which impact clouds near the cloud base altitude. The cloud coverage data is reported to be most reliable for small cloud coverage percentages. For higher cloud cover percentages the algorithm used to determine cloud cover may miss gaps between the clouds resulting in an overestimation of cloud coverage. Cloud base height and cloud coverage data available for this study have been passed through a 10-min minimum filter and a 10-min average filter, respectively.
Although the above instruments are not collocated, they comprise the most complete set of data available for the described experiment. The distance separating the instruments is shown in Figure 1 Times at which the cloud coverage exceeded 5% were considered cloudy, while cloud coverages of less than 5% were considered clear. When the lidar cloud coverage measurement was less than 5% and the computed cloud index was greater than 10%, the atmosphere was considered cloudy. In these cases, the cloud index was used as a proxy for cloud fraction. Although cloud The k distribution method is incorporated within LOWTRAN 7 for integrating absorption over frequency. The k distribution method is a curve fit of three individual components providing an accurate representation of absorption for given frequency band. A benefit of the k distribution method is that it provides a fast and reliable method for treating the vertical inhomogeneity of the atmosphere. [Goody eta/., 1989]. As altitude increases, k distributions are correlated in frequency space. That is, the strongest absorption occurs at the same frequency at all altitudes [Stephens, 1984] .
The pyrgeometer measurements used for in situ validation capture wavelengths greater than 3 gm. The delta-Eddington approximation for scattering is included to account for the contribution to the surface flux of the scattering of solar wavelengths beyond 3gm. Figures 3a and 3b 
Procedure
Each of the atmospheric profiles used in this study is represented by 34 plane-parallel layers. For consistency, a model atmosphere defined by a pressure thickness of each layer was developed. Each radiosonde profile was fit to the model atmosphere as closely as possible. Since water vapor density has its highest concentration and variation in the lower atmosphere, the thinnest pressure layers were defined for the lower atmosphere. The structure of the model atmosphere is outlined in Table 1. Temperature and humidity profiles were determined through the interpolation of the radiosonde profiles according to the pressure levels described in Table 1 The cloud parameters required by the radiative transfer model are cloud base height, x, and water droplet effective radius re. Of these, cloud base height is known, while x and r e are unknown.
The value r e is a difficult parameter to account for, as few measurements of r e are available. The majority of clouds in this study have cloud base heights between 0.5 and 2 kin. According to the cloud classification provided by Stephens [ 1978] 
Summary and Conclusions
In this study we computed the downwelling longwave surface flux for both clear and cloudy conditions with particular emphasis on the reliability of available data. The calculations of F,!,(0) focused on the uncertainties of the pyrgeometer, radiosonde, and lidar measurements. Other factors were also addressed as potential causes of the discrepancies between measured and calculated irradiance values. Because of the many possibilities for which the discrepancies can be attributed to, it is difficult to determine the source of the discrepancies. At best, we can establish a ranking of several of the potential uncertainties (see Table 2 ). Because of the nature of the remaining uncertainties (e.g., atmospheric homogeneity, the relationship between cloud fraction and F,I, (0), the accuracy of the RTM), it is difficult to apply a quantification to these uncertainties. The two largest sources of error which we have been able to identify are the sensitivity to optical depth and the uncertainty of the pyrgeometer measurements. Taking these two uncertainties into consideration, the RTM performed quite well. The RTM was able to compute F,l,(0) within the uncertainty range of the measured values. The reliability of the RTM is largely a function of the quality and resolution of the atmospheric profiles and the data describing the cloud properties. As more sophisticated data sets become available, we can reduce the number of uncertainties. The Atmospheric Radiation Measurement (ARM) [DOE, 1990] program is an observational program which provides Raman lidar measurements of water vapor profiles and atmospherically emitted radiation interferometer (AERI) measurements of surface radiance. Using the frozen turbulence hypothesis, time series of these measurements can be used to assess the horizontal homogeneity of the atmosphere. During time periods in which there is little variability in the measurements, the atmosphere can be assumed to be horizontally homogeneous, with respect to the parameters measured by these instruments. This type of investigation can be carried one step further by taking measurements from aircraft. Aircraft measurements, such as those from the unmanned aerospace vehicle (UAV), can be used to assess the horizontal homogeneity of the atmosphere without the frozen turbulence hypothesis. Furthermore, ARM provides measurements of cloud liquid water content from upward looking microwave radiometers, which can eliminate the uncertainty due to optical depth. This study which is based on a data set not specifically collected for the purpose for which it has been used here shows the accuracy bounds that one can expect with routine but highquality observations and semioperational radiative transfer models. It does not achieve the quality in radiative transfer computations that can be brought up by line-by-line models (such as those used in SPECTRE, for instance) or sophistication in in situ measurements such as those that can be achieved by the ARM program. It nevertheless provides a quantitative indication of what will be possible in future global monitoring programs of the surface longwave radiation flux based on space observations. The next step of this research is therefore to extend this approach to the use of satellite observations to perform the longwave retrievals attempted here. All uncertainties combined 14.9 -24.8
